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Abstract 
Understanding eye movements, gaze patterns, and the ability to accurately identify 
emotional expressions may provide insight into the mechanisms underlying the social 
impairments associated with various forms of developmental psychopathology. In this 
study, 272 children between the ages of 7 and 17 were asked to identify the emotion of 
faces displaying different emotional expressions at varying levels of saturation. Eye 
movements were monitored using an infrared eye-tracking camera and the time spent 
looking on the face (dwell time) and the overall number of fixations were calculated. 
Parent reports of children’s mood and behavior were obtained using the Child Behavior 
Checklist. A series of hierarchical multiple regression analyses showed a positive 
relationship of attention problems on stimulus dwell time and a negative relationship of 
social problems on emotion identification accuracy (EIA). Furthermore, age and IQ had a 
positive association with EIA, while socioeconomic status was negatively associated with 
dwell time. There were also sex differences such that boys tended to have longer dwell 
times and fewer fixations than girls. These findings demonstrate that children’s 
emotional-behavioral symptoms and demographic characteristics may be associated with 
differential processing of facial emotion information, which may have important 
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Introduction 
 In typically developing children, emotion recognition abilities can be seen quite 
early in development. In fact, some emotion recognition skills can even be seen in early 
infancy—many children learn to look toward happy faces before they even learn to speak 
(National Scientific Council on the Developing Child, 2004). Stimulation from the early 
home environment can aid the development of neural pathways relevant to this skill 
(National Scientific Council on the Developing Child, 2004). However, emotion 
recognition has not been well studied in children who are not typically developing.  
Childhood developmental psychopathologies are broadly classified as 
internalizing or externalizing. Internalizing problems are characterized by anxiety, 
depressed mood, social withdrawal, and other mood problems; generally, these problems 
are inwardly focused, or overcontrolled (Compas, Phares, Banez & Howell, 1991). These 
problems are frequently associated with negative outcomes, such as self-harm behavior 
and suicide, poor social competence, depressive or anxiety disorders, and substance use 
(Liu et al., 2011). Girls may be at greater risk for experiencing internalizing problems 
than boys, though there are some discrepancies in the literature (Liu et al., 2011). These 
issues are particularly important to study during childhood and adolescence because 
internalizing problems in young people can be predictive of internalizing problems in 
adults (Pine, Cohen, Gurley, Brook, & Ma, 1998).  
Typically, externalizing behaviors are characterized by aggression, delinquency, 
and hyperactivity; they are also associated with negative outcomes, such as defiant 
behavior, poor academic performance, and substance use disorders (Liu, 2004). 
Generally, these problems are seen as acts in the external environment, and called 
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undercontrolled (Compas et al., 1991). These issues may be predictive of later problems 
as well, like adult crime and violence (Liu, 2004). Aggression, which is very important in 
the characterization of externalizing problems, manifests itself differently between the 
sexes; while girls are more likely to engage in relational aggression, boys are more likely 
to engage in physical aggression (Liu, 2004). Additionally, boys are more likely than 
girls to exhibit other externalizing behaviors, such as delinquency and hyperactivity (Liu, 
2004).  
Without proper treatment, both internalizing and externalizing problems can 
worsen and progress into other adverse outcomes (Sourander et al., 2007). For instance, 
children with persistent internalizing or externalizing problems during their early life 
were twice as likely to have psychotic episodes in later life compared to children who did 
not have these problems (Lancefield, Raudino, Downs, & Laurens, 2016). They are also 
more likely to experience problems such as aggression, hyperactivity, self-harm and 
substance use (Liu, 2004; Liu et al., 2011).  
Externalizing and internalizing disorders and behaviors commonly co-occur. For 
example, one study of children aged 11 to 17 that were referred from an outpatient clinic 
found that 37.6% of cases had comorbid internalizing and externalizing disorders 
(Youngstrom, Findling, & Calabrese, 2003). It has been theorized that these high 
comorbidity rates may be caused by underlying deficits in self-regulatory abilities 
(Basten et al., 2013). However, to date, comorbid internalizing and externalizing 
problems remain understudied, with questions and controversies regarding the etiology, 
pathophysiology, and treatment of these problems (Althoff, 2010; Kusche et al., 1993).  
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Executive function is a critical factor in determining a child’s ability to identify 
and respond appropriately to others’ emotions. Children with comorbid internalizing and 
externalizing problems often present with deficits in executive functioning domains, 
which are cognitive processes that are used to control behavior and regulate emotions 
(this could include items such as adaptability, effortful control, and memory). In their 
study on emotionally arousing measures of executive functioning (this was a go-nogo 
task meant to induce frustration, to test emotion regulation), Woltering, Lishak, Hodgson, 
Granic, and Zelazo (2015) found that children with externalizing problems or comorbid 
internalizing and externalizing problems did not perform as well as typically developing 
children. Eisenberg et al. (2001) focused on the effects of internalizing, externalizing, and 
comorbid internalizing and externalizing problems on emotion regulation; the comorbid 
group performed most similarly to the externalizing group in many domains, including 
effortful control, indicating that externalizing problems are at the root of this impairment. 
In another study that compared children who had externalizing problems with children 
who had anxiety/somatic problems, and children who had both, it was found that children 
who experienced both sets of problems had the most severe and global cognitive 
dysfunction of all of the groups, while the other groups had more specifically 
concentrated problems (Kusche et al., 1993). 
However, the connection between executive function and behavioral problems is 
still being researched. Some researchers suggest that the overall heightened level of 
psychopathology rather than the specific nature of the symptoms determines the 
executive functioning deficits (Stordal et al., 2005). Others posit that the executive 
function deficits and impairment associated with internalizing and externalizing problems 
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are distinct (Eisenberg et al., 2001). However, given the common behavioral, affective 
and cognitive traits experienced by many individuals with these comorbid disorders, 
other researchers have hypothesized that a general emotion regulation problem underlies 
these children’s executive functioning impairment (Althoff, 2010). Examining the 
emotion recognition abilities of these children may help to elucidate the root of their 
differences in executive function, because emotional intelligence and recognition is an 
important component of executive function.  
Though no study has focused specifically on the differences in emotion 
identification accuracy (EIA) between children with internalizing, externalizing and 
comorbid symptoms, there is significant literature on related factors that may impact 
emotion identification. Empathy and guilt-proneness are two of the factors related to 
emotion identification (Tone & Tully, 2014; Treeby, Prado, Rice, & Crowe, 2015). 
Empathy is the ability to feel emotion in response to the experience of another person 
(Tone & Tully, 2014) and heightened empathy is a common trait among people with 
internalizing problems (Liu et al., 2011). Although this characteristic can buffer against 
psychiatric disorders, some individuals with internalizing problems may experience too 
much empathy or respond inappropriately to empathetic feelings (Tone & Tully, 2014). 
In fact, Tone and Tully (2014) called empathy a “risky strength,” because while in 
general more empathy can help people understand and respond appropriately to the 
emotions of others, too much empathy can actually make it more difficult for them to do 
so. For this reason, individuals with minor to moderate internalizing problems may 
perform better on emotion recognition tasks than others because of this heightened 
awareness of others’ emotions, but individuals with severe levels of internalizing 
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problems (and, presumably, even higher levels of empathy) may perform worse on 
emotion recognition tasks. Additionally, it has been found that people who are more guilt 
prone, a symptom associated with internalizing problems, are better at emotion 
recognition when compared with people who are shame prone, a symptom associated 
with externalizing problems (Treeby, Prado, Rice, & Crowe, 2015). Both empathy and 
guilt-proneness may impact the ability of children with internalizing problems to 
accurately interpret and respond to emotional stimuli. Therefore, it is expected that 
children with internalizing problems will perform worse than typically developing 
children, but better than children with externalizing problems.  
Potential differences in emotion identification accuracy may also stem from 
differences in attribution biases or conditions of the interaction. For example, Mohlman, 
Carmin, and Price (2007) found that anxious individuals were more accurate at 
identifying angry emotions and more likely to identify neutral faces as angry in a card-
sorting task than control participants, which indicates that this group may be more apt to 
see anger in a face than other emotions. The context of the task may also play a role. In a 
series of three studies, it was found that socially anxious individuals understand emotions 
by attending more to the hands and body language, rather than to faces, especially when 
fearful or angry emotions were presented (Kret et al., 2015). For this reason, people with 
internalizing problems or higher levels of social anxiety may find it difficult to succeed 
on emotion recognition tasks that focus on the face. This difficulty may also be related to 
heightened levels of performance anxiety; when emotion identification tasks are called 
“tests of academic aptitude,” anxious individuals perform just as well as controls, but 
when they are called “social sensitivity tasks,” they do not perform as well (Knowles et 
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al., 2015). There are many factors that have been identified in contributing to the EIA 
performance of children with internalizing problems, though further research is required 
to understand which play the most significant role. So, though some factors, such as 
focus on body language and bias toward identifying angry faces may imply that children 
with internalizing problems would have lowered EIA, other factors, such as empathy and 
performance anxiety, have a more ambiguous role, and may even improve the EIA 
performance of the child. 
Children with externalizing problems may also show differences in their emotion 
recognition abilities from typically developing children. It has been found that children 
with externalizing problems have less empathetic responses than children with 
internalizing problems or typically developing children (Miller & Eisenberg, 1988), 
which could cause impairment in emotion identification ability. Research analyzing the 
electrical activity in children’s brains found that there was a relationship between low 
emotional intelligence and externalizing behavior (Santesso, Reker, Schmidt, & 
Segalowitz, 2006). Furthermore, children who are trained in emotion recognition show 
less aggression following training than before (Penton-Voak et al., 2013). Together, these 
studies imply that aggression and lowered empathy may be related to poor performance 
on emotion recognition tasks, though the direction of this relationship is unclear. 
Additionally, there has been extensive research highlighting the importance of 
hostile attribution and negative interpretation biases in children. Akhtar and Bradley 
(1991) found that aggressive children might do poorly on emotion recognition tasks and 
social interactions because they inadequately encode social cues, and have a bias to 
assign hostility to the people that they engage with in social interactions. Choe, Lane, 
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Grabell, and Olson (2013) found that effortful control, higher IQ (especially verbal), 
better emotion understanding, and more advanced theory of mind are associated with less 
hostile attribution bias. Given that hostile attribution bias is related to aggression, more 
research is necessary to demonstrate the possible links between and implications of this 
bias on the emotion identification accuracy and eye movements of children with 
externalizing behaviors. 
In a study on typically developing children, Lawrence, Campbell, and Skuse 
(2015) found that IQ was positively related to emotion recognition accuracy. Further, 
they found that age was associated with increased accuracy in identifying fearful, 
disgusted, surprised, and happy emotions, though children were as accurate at identifying 
sadness and anger when they were young children (age 6) as when they were adolescents 
(age 16) (Lawrence, Campbell, & Skuse, 2015). Gender was also reported to play a role 
in emotion identification, as women were faster and more accurate at identifying female 
faces than men were, although there was no sex differences when they viewed male faces 
(Wells et al., 2016). These associations are expected to hold in the case of children with 
various psychopathologies, though the extent of their effects may differ. 
Developing a better understanding of the pathophysiological differences between 
these internalizing, externalizing, and comorbid groups will shed light on presently 
unidentified mechanisms that underlie problems in emotion identification, which in turn 
can help inform more effective treatment methods. Measuring eye movements when 
viewing emotional facial expressions can provide information about some of the 
differences in social processes that children with internalizing and externalizing problems 
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experience, because eye movement is so closely related with interpersonal interactions 
(Blair et al., 2001).  
In order to understand and properly respond to emotional cues from others, 
children must first properly encode information from their environment, which begins 
with what they see. Eye movements made to faces typically involves the saccadic eye 
movement system, by which parts of the face are sampled systematically by the eye 
moving (via a rapid process called “saccades”) to various locations on the face where the 
eye stops (which are called “fixations”). These saccades and fixations to faces have been 
studied extensively using number of fixations, fixation duration (or dwell time), and 
various other metrics (Althoff & Cohen, 1999). Both dwell time and number of fixations 
are indicators of visual focus, such that longer dwells and greater numbers of fixations 
represent better attention to the stimuli. It is likely the case that increased visual attention, 
measured by number of fixations and dwell time, is associated with better accuracy in 
identifying emotions. 
Bruggemann et al. (2016) found that typically developing youths naturally 
oriented their gaze (made fixations) on the eyes of a face, and that attending to the eyes is 
very important for understanding social information. They also found that there is greater 
attentional strain associated with attending to fearful expressions than happy or neutral 
faces, likely because these faces are associated with corresponding threat (Bruggemann et 
al., 2016). In another study that focused on neurotypical adults, Wells et al. (2016) found 
that participants dwelled longer on fearful eyes than they did on other expressions. They 
also found that changes in intensity and type of emotion displayed during an emotion 
identification eye-tracking task resulted in varying levels of accuracy and reaction times. 
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Additionally, anxious individuals may dwell longer on faces that are perceived as 
threatening (Lazarov, Abend, & Bar-Haim, 2016). Though research on this topic has been 
limited, these findings suggest that dwell time may vary based on the emotional 
expression of the stimulus, though there is insufficient research to conclude that this 
phenomena varies based on type of psychopathology.  
Hypotheses for this study derive from previous findings in clinical populations. 
For example, because rule-breaking behavior problems are commonly seen in 
externalizing disorders, children in the externalizing group may make more impulsive, 
and less accurate, emotional identification decisions. Because attention deficits are 
associated with externalizing disorders, children with externalizing disorders may have 
fixations that diverge from the typical pattern of the control group, which usually focus 
on the face’s central features (Eisenberg et al., 2001). Furthermore, because children in 
the externalizing group typically exhibit more aggressive behavior, it is likely that they 
will be biased toward identifying the neutral faces as representing a negative emotion 
rather than a positive emotion (Liu, 2004). 
Conversely, children in the internalizing group typically have higher anxiety-
related symptoms, which may lead to higher motivation to succeed in the task (Liu, Chen, 
& Lewis, 2011). However, while anxiety may motivate some children to succeed in the 
task, children with more severe symptoms may be distracted by anxious feelings and 
actually underperform on the task (Holley, Ewing, Stiver, & Bloch, 2015). Further, many 
children with social anxiety are more attuned to recognizing body language because they 
tend to focus attention on areas away from the face (Kret, Stekelenburg, de Gelder, & 
Roelofs, 2015), which may hinder performance on this task.  
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Though the children with comorbid internalizing and externalizing problems have 
not been widely studied, because they experience the deficits associated with both 
internalizing problems and externalizing problems, it is expected that their performance 
will show the most impairment (Kusche, Cook, & Greenberg, 1993).  
 
Hypotheses 
Based on previous work on the relations between emotion recognition, eye movement, 
and emotional-behavioral symptoms, we sought to examine emotion identification 
accuracy and eye movement data in three groups: those with internalizing only, those 
with externalizing only, and those with combined internalizing and externalizing. The 
hypotheses of the current study are as follows: 
Hypothesis 1: There will be mean group differences in emotion identification accuracy 
(EIA) across all emotions and levels of saturation, such that: 
a. The control group will be more accurate than any of the clinical groups.  
b. The internalizing group will be more accurate than the externalizing group.  
c. The internalizing and externalizing groups will be more accurate than the 
combined group.  
Hypothesis 2: The four groups will show differences in mean dwell time and number of 
fixations across all emotions and levels of saturation, such that: 
a. The combined and externalizing groups will have shorter dwell times 
compared to the control and internalizing groups. 
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b. The control group will have significantly more fixations than any of the 
three psychiatric groups, but the internalizing and externalizing groups 
will have more fixations than the combined group.  
Hypothesis 3: There will be differences in neutral face identification, such that: 
a. The externalizing and combined groups will identify neutral faces as 





This study is a secondary analysis of data from 272 children aged 7-17. The data were 
obtained from two family studies previously conducted in the University of Vermont 
Child Emotion Regulation Laboratory under the direction of Dr. Robert Althoff (UVM 
Committee on Human Research in Medical Sciences #09-210 &  #13-275).  Written 
caregiver consent was provided prior to participation in the study. There were 181 boys 
and 91 girls included in this analysis, with an average age of 10.78 years and an average 
IQ of 109.45. The average family socioeconomic status (SES) was 64.85 which, 
according to the Hollingshead (1975) system, corresponds with middle class status (see 
Appendix A). Participants for these studies were recruited both from the community and 
the Vermont Center for Children, Youth and Families, an outpatient pediatric psychiatry 
clinic. Because the original study examined child emotion dysregulation, the sample 
included a higher rates of children with clinical levels of emotion regulation problems 
and/or psychiatric diagnoses than would be seen in the general population. Finally, 
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because the original studies used a family study design, our sample contained seventy 
sibling dyads and three triads.  
 
Emotional Faces Eye-tracking Task  
The Emotional Faces task in conjunction with an eye-tracking camera was used to assess 
EIA and eye-movement behavior. During this task, participants’ eye movements were 
monitored using the SR Research EyeLink 1000 system. The eye-tracking camera was 
placed in front of the computer, 63 centimeters in front of the participant. The 
participants were seated in front of the computer and their heads were stabilized with a 
table-mounted chin rest. Seat height was adjusted so that participants’ faces were 
properly aligned with the height of the screen. 
Meanwhile, participants were presented with a series of images of emotional faces 
on the computer screen. The actors’ faces used in this study were modified from a 
standard set of expressive facial images that have been used widely in emotion 
recognition studies (JACFEE, 1988). The faces represented happy, scared, angry and 
disgusted emotions that had been blended with neutral faces from the same actor using 
Abrosoft Fantamorph software to create levels of 40, 60, 80, and 100% expression 
saturation for each emotion (Biehl et al., 1997), as seen in Figure 1. 
Following the initial presentation of the face, participants were asked to press a 
button on a sidewinder videogame controller indicating recognition of the emotion. Then, 
after approximately five-seconds, the words “happy”, “angry”, “scared” and “disgusted” 
appeared next to the face (as seen in Figure 2), and participants were instructed to press a 
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button on the sidewinder that corresponded with the emotion that best described the face 
on the screen.  
After demonstrating understanding of the task in a training block, participants 
were presented with four counterbalanced blocks, each containing 17 faces presented in a 
randomized order. All possible combinations of emotion and saturation level were 
presented and evenly distributed throughout the four blocks. Additionally, each block 
contained one neutral face.  
EIA was calculated by coding the response for each trial as either 1 for correct or 
0 for incorrect. A total percentage correct was computed by averaging the coded 
responses across all trials. Responses for neutral face identification were coded in five 
ways: happy, angry, scared, disgusted, or no response. There was no correct response to 
the neutral face trial, as the face was intentionally created to display no emotion. About 
28% of the neutral trials did not have a response recorded due to either the participant’s 
failure to respond within the five-second allotment of time or equipment-related error. 
Non-response trials were excluded from the analyses.  
Dwell time was the length of time for each trial (in milliseconds) that a 
participant’s gaze was focused in a region of interest on the image, namely, the right eye, 
left eye, nose, mouth, or forehead. The mean dwell time for each trial was averaged to 
represent the mean overall dwell time for each participant. Relatedly, the mean number of 
fixations, or instances of sustained focus on a single location, was averaged, across all 
trials for each participant, for an overall mean number of fixations per trial. This process 
was repeated for dwell time and number of fixations with each variation of emotion and 
saturation. 
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Wechsler Abbreviated Scale of Intelligence (WASI) IV- Test of Cognitive Ability 
The Vocabulary and Matrix Reasoning subtests of the WASI were used to estimate 
participants’ full-scale intelligence quotient.  
 
Child Behavior Checklist (CBCL) 
The CBCL is a parent-report questionnaire that includes 113-items regarding children’s 
emotional, behavioral, and social problems during the last six months, which are rated on 
a scale from 0 (“never/not at all true”) to 2 (“often/very true”) (Achenbach, 2009). The 
CBCL provides eight, factor-analytically derived syndrome scales: anxious/depressed, 
withdrawn/depressed, somatic complaints, social problems, thought problems, attention 
problems, rule-breaking behavior, and aggressive behavior, on which t-scores above 65 
signify a clinical level of symptoms (see Appendix C for example). These scales are then 
collapsed into three broadband scales: (1) internalizing problems scale, which is 
comprised of the anxious/depressed, withdrawn/depressed, and somatic complaints 
syndrome scales, (2) externalizing problems scale, which is comprised of the rule-
breaking behavior and aggressive behavior syndrome scales, and (3) total problems scale, 
which is comprised of all eight syndromes scales. It is important to note that the social 
problems, thought problems, and attention problems scales are not included in the 
internalizing or externalizing broadband scales.  
 
Behavioral Grouping: Latent Class Analysis. Individual item responses from the 
CBCL were dichotomized and analyzed using a latent class analysis to fit participants 
into the 7-class model previously described by Althoff, Verhulst, Rettew, Hudziak, and 
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van der Ende (2010) as shown in Figure 3. For the purposes of examining differences in 
internalizing, externalizing, and co-morbid symptomatology, the classes were then 
collapsed into the following four categories, as shown in Figure 4:   
 Control: Class 1 (no symptoms) 
 EXT: Classes 3 (attention problems only) and 4 (aggression only) 
 INT: Class 5 (anxious depression only) 
INT-EXT: Classes 2 (attention, aggression, and mild anxious depression), 6 
(dysregulated), and 7 (dysregulated without violent aggression) 
 
Dimensional Approach. Follow-up analyses used the CBCL broadband scales 
(internalizing, externalizing and total problems) and the CBCL syndrome scales that were 
not included in the internalizing and externalizing broadband scales: social problems, 
total problems, and attention problems. Because these scales measure symptoms 
dimensionally, they were included in an effort to capture greater variance than was 
possible using only the categorical behavioral groups.  
 
Data Analysis 
Repeated measures univariate analysis of variance (ANOVA), hierarchical multiple 
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Results 
Descriptive Statistics 
The descriptive statistics and zero-order correlations for the CBCL broadband and 
syndrome scales with the dwell time, number of fixations, and EIA for each emotion and 
saturation level are presented in Tables 1-3. Forty-one participants were excluded from 
analysis due to missing data. Visual inspection of EIA percentage data indicated 
violations of normality assumptions. Therefore, an arcsine of the square root 
transformation was used, as suggested by McDonald (2014). While this transformation 
did improve the normality of the distribution, these variables remained moderately 
negatively skewed.  
 
Behavioral Groups  
A repeated measures ANOVA was used for analysis of the EIA, dwell time, and number 
of fixations of the four behavioral groups, using type of emotion and saturation level of 
the face as the repeated measures factors, the behavioral groups as the between-subjects 
factor, and age, sex, IQ and SES as the covariates. 
 
Emotion Identification. A three-way repeated measures ANOVA on EIA percentage 
with behavioral group as the between-subjects factor and emotion type and saturation 
level as within-subjects factors was conducted in order to test hypothesis 1. Because 
Mauchly’s test revealed that the assumption of sphericity was violated for emotion 
(χ2[5]=23.67, p<.001), level (χ2[5]=20.68, p=.001), and emotion by level (χ2(44)=183.69, 
p<.001), the Greenhouse-Geisser correction was used. There were no significant effects 
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based on behavioral group. However, there were significant main effects of age (F[1, 
157]= 34.33, p<.001) and IQ (F[1, 157]= 8.97, p=.003) on EIA percentage, such that 
older children and children with a higher IQ had a more accurate performance on this 
task. Additionally, there were significant interactive effects of emotion and sex (F[2.74, 
430.73]= 3.12, p=.03), such that boys were less accurate at identifying angry and 
disgusted faces; emotion and age (F[2.74, 430.73]= 6.64, p< .001), such that younger 
children were less accurate when identifying angry and disgusted faces; and saturation 
level and age (F[2.74, 429.34]= 4.25, p= .007), such that younger children were less 
accurate at identifying faces with 40% and 60% expressive saturation.   
 
Eye Movement.  Next, the three-way repeated measures ANOVA described above was 
repeated with dwell time as the dependent variable to test hypothesis 2a. Mauchly’s test 
indicated that the assumption of sphericity was violated for emotion (χ2[5]=48.13, 
p<.001) and emotion by level (χ2[44]=156.84, p<.001). As such, the Greenhouse-Geisser 
correction was used. There were no significant effects based on behavioral groups. 
However, there were significant main effects of emotion (F[2.58, 474.12]= 2.96, p=.039), 
such that participants overall dwelled for less time on angry faces than on happy or 
disgusted faces; and SES (F[1, 184]=13.38, p>.001), such that children from a lower SES 
dwelled for longer time than children from a higher SES. There was also significant main 
effect of sex (F[1, 184]=9.52, p=.002), such that boys had longer dwell times than girls.  
 Finally, hypothesis 2b was tested, using the same three-way repeated measures 
ANOVA procedure with number of fixations as the dependent variable. Mauchly’s test 
revealed that the assumption of sphericity was violated for emotion (χ2[5]=19.96, p=.001) 
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and level (χ2[5]=28.28, p<.001) and Greenhouse-Geisser corrections were again used. 
There were no significant main effects of the behavioral groups on number of fixations. 
However, there was a significant main effect of emotion (F[2.8, 514.97]= 4.06, p=.009), 
such that participants had more fixations on angry than disgusted or happy faces, more 
fixations on disgusted than happy faces, and more fixations on scared than happy or 
disgusted faces; and sex (F[1, 184]= 7.63, p=.006), such that girls had a greater number 
of fixations than boys. Additionally, there was a significant interaction effect of emotion 
by IQ (F[2.8, 514.97]=2.79, p=.044), such that children with an IQ that was one standard 
deviation below the mean had significantly fewer number of fixations on disgusted and 
happy faces, and children with an IQ that was one standard deviation above the mean had 
a significantly higher number of fixations on angry and scared faces.  
 
Neutral Face Identification.  To test hypothesis 3, a one-way ANOVA was used to 
examine differences in the percentage of neutral faces that were identified as each 
emotion between the behavioral groups, using age, sex, IQ and SES as covariates. 
Because of the high number of non-responses for these trials, the percentage of neutral 
trials identified as each emotion was calculated as a proportion of the total number of 
neutral trials with responses. Results showed that the behavioral groups did not differ 
with regard to the percentage of neutral faces identified as each emotion. There was a 
significant main effect of age on the percentage of neutral faces identified as angry (F[1, 
155]= 9.75, p=0.002), such that older children were more likely to identify the face as 
angry than younger children.   
 
DEMOGRAPHIC AND EMOTIONAL-BEHAVIORAL PREDICTORS
   	 22 
Hierarchical Regression Analyses: CBCL Scales 
CBCL Broadband Scales. To elaborate on the associations identified in the correlations 
from Tables 2 and 3, a series of hierarchical multiple regression analyses were conducted 
using the CBCL broadband scale t-scores as a dimensional measure of children’s 
internalizing, externalizing and total emotional-behavioral symptoms.  
 
Emotion Identification. In the first analysis, age, sex, IQ and SES were entered as 
covariates at step one with overall EIA percentage as the dependent variable. At step two, 
the internalizing problems score was added. This analysis was repeated with the EIA 
percentage relative to each emotion and each saturation level as the dependent variable. 
Next, this procedure was repeated using only externalizing problems at step two, and then 
again, using only total problems at step two (see regressions 1-27 in Appendix B for more 
detail). Table 4 provides a summary of the results. There was a significant positive effect 
of age on EIA for all levels of saturation and emotions. IQ also had a significant positive 
effect on EIA overall, and for happy and scared faces as well as for faces at 40%, 80% 
and 100% saturation. Sex significantly predicted accuracy only for disgusted faces and 
faces with 100% saturation, such that girls were more accurate than boys. There were no 
significant effects of either the internalizing, externalizing, or total problems scale score 
on EIA for any emotion or saturation level.  
 
Eye Movement.  Next, a similar series of hierarchical multiple regressions predicting 
dwell time percentage and total number of fixations were performed (see regressions 55-
84 from Appendix B). First, overall dwell time was used as the dependent variable and 
DEMOGRAPHIC AND EMOTIONAL-BEHAVIORAL PREDICTORS
   	 23 
internalizing problems were added at step two. This analysis was repeated with dwell 
time for each saturation level and emotion as the dependent variable. Then, this 
procedure was repeated again with only externalizing problems at step two, and finally 
with only total problems at step two, so that each of the broadband scales predicted dwell 
time for each combination of emotion and saturation level.  
None of the CBCL broadband scales had a significant effect on dwell time. There 
was, however, a negative effect of SES on dwell time for all emotions and saturation 
levels. There was also an effect of sex on dwell time for all emotions and saturations, 
except the neutral faces, such that the boys’ dwell time was longer than the girls’ (Table 
5).  
Next, another series of hierarchical multiple regressions were performed with 
fixation number as the dependent variable. Age, sex, IQ, and SES were entered in step 
one and internalizing problems was again first entered at step two. This analysis was 
repeated with the number of fixations for each saturation level and emotion as the 
dependent variable. Then, this procedure was repeated again with only externalizing 
problems at step two, and finally with only total problems at step two, so that the number 
of fixations for each combination of emotion and saturation level was predicted 
separately by each of broadband scales (see Appendix B, regressions 115-144). 
None of the CBCL broadband scales had a significant effect on number of 
fixations. However, IQ demonstrated a significant positive effect on the number of 
fixations for faces of all saturation levels and emotions except scared. Sex was also found 
to be significant predictor for all levels and emotions, such that boys had fewer fixations 
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as seen in Table 6. For neutral faces only, age had a significant positive effect on number 
of fixations. 
 
Neutral Face Identification. Regressions 175-186 from Appendix B were used to 
examine the associations between the broadband scales and neutral face identification. 
Here, the dependent variable was the percent of each participant’s responses for each 
emotion (happy, angry, scared, and disgusted) and the predictor that was being tested was 
the broadband scale. As with the other regressions, age, IQ, SES and sex were entered in 
step 1 as covariates. With regard to the identification of neutral faces, there was a 
significant negative effect of internalizing problems on the proportion of neutral faces 
identified as scared (B= -0.18, t[185]=-2.41, p=0.017). There was also a significant 
positive effect of age on the proportion of neutral faces identified as angry when 
internalizing problems were included in the model (B= 0.21, t[185]=2.93, p=0.004), when 
externalizing problems were included in the model (B= 0.22, t[184]=3.00, p=0.003), and 
when total problems were included in the model (B=0.21 , t[184]=2.93, p=0.004). 
 
CBCL Syndrome Scales. The same method of analysis used for the broadband scales 
was used for analysis of the syndrome scales, except either social, thought, or attention 
problems t-scores were entered at step two. These specific syndrome scales were selected 
because these symptoms are not included in either the internalizing or externalizing 
broadband scale and may capture important emotional-behavioral vulnerabilities related 
to emotion identification and social functioning. 
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Emotion Identification. Regressions 28-54 from Appendix B were run to examine the 
relations between these CBCL syndrome scales and EIA. This series of hierarchical 
multiple regressions was performed with age, sex, IQ, and SES entered in step one and 
social problems entered at step two. EIA for each saturation level and emotion were each 
used as the dependent variable. Then, this procedure was repeated again with only 
thought problems at step two, and finally with only attention problems at step two, so that 
the EIA for each combination of emotion and saturation level was predicted separately by 
each of the syndrome scales. 
Social problems had a significant negative association with EIA for all levels of 
saturation and emotions except scared and happy, as seen in Table 7. Thought problems 
also had a negative association with EIA, but only for angry faces. Attention problems 
did not significantly predict EIA in any emotion or level of saturation. The positive effect 
of age on accuracy for all emotions and saturation levels remained significant. IQ had a 
positive effect on overall accuracy as well as accuracy for happy and scared faces and 
faces with 100%, 80%, and 40% saturation (except for when social problems were 
included in the model) suggesting that at low levels of expression saturation, social 
problems better explain difference in EIA than IQ. Sex also remained a significant 
predictor of EIA for the disgusted and 100% saturation faces, such that girls were more 
accurate than boys.  
 
Eye Movement. The association between dwell time and CBCL syndrome scales was 
analyzed by using the same series of regressions described above, and using dwell time at 
each level of saturation and emotion as the dependent variable (see Appendix B 
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regressions 85-114). Social problems were found to have a significant positive effect on 
dwell time for neutral faces. Attention problems had a significant positive effect on dwell 
time overall, and specifically, for scared, 60% and 100% faces (see Table 8). Thought 
problems did not significantly predict dwell time. Additionally, SES had a significant 
negative effect on dwell time for all emotions and saturation levels. Finally, sex predicted 
dwell time for all emotions and saturation levels, except neutral faces, such that boys 
dwelled for longer than girls. 
With regard to total number of fixations (see regressions 145-174), there was a 
significant negative effect of social problems on number of fixations for scared faces 
only. There were no significant effects of either thought or attention problems. 
Additionally, sex was a significant predictor of number of fixations for all emotions and 
saturation levels, such that girls had more fixations than boys. In the models with each of 
the syndrome scales, there was a significant positive effect of IQ on overall number of 
fixations and number of fixations for disgusted, happy, angry, 40%, 60% and 100% faces. 
IQ also had a significant effect on number of fixations for neutral faces, except when 
social problems were included in the model, this effect was rendered non-significant. In 
only the model including thought problems, IQ had a significant positive effect on the 
number of fixations in the 80% faces, suggesting that social and attention problems 
accounted for some of the variance in number of fixations attributed to IQ for these faces. 
Age had a significant positive effect for the neutral faces, as shown in Table 9.  
 
Neutral Face Identification. In order to understand the syndrome scales’ relations to 
neutral face identification, regressions 187-198 were used. The results showed that social 
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problems had a significant positive effect on the proportion of neutral faces identified as 
disgusted (B= 0.23, t[185]= 3.03, p= 0.003). Moreover, age had a significant positive 
effect on the proportion of neutral faces identified as angry in the models including social 
problems (B= 0.21, t[185]= 2.89, p= 0.004), thought problems (B= 0.21, t[185]= 2.91, p= 
0.004), and attention problems (B= 0.21, t[185]= 2.92, p= 0.004). 
 
Discussion 
It was hypothesized that internalizing and externalizing symptoms, both 
independently and comorbidly, would be related to eye movement behavior and emotion 
identification accuracy. Although the findings of this study did not support these 
hypotheses, additional analyses showed that demographic variables and symptoms not 
specific to either internalizing or externalizing disorders (social, thought, and attention 
problems) were most predictive of eye movement and EIA. 
Age significantly predicted EIA and number of fixations for neutral faces, such 
that older children were more accurate at identifying emotions in most variations and 
made more fixations on neutral faces. However, the mechanisms that result in the 
improvement in emotion identification accuracy are not clear. Though it has been shown 
in previous research that older children typically perform better at these types of tasks 
(Lawrence, Campbell and Skuse, 2015), we still cannot explain why they are better at the 
task, because there were no significant findings in terms of eye movement differences 
between older and younger children, other than the number of fixations on neutral faces. 
Perhaps, because older children have had more opportunities to be exposed to emotional 
expression stimuli, they viewed the faces more efficiently in terms of the neural pathways 
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and coding in the brain, which were not tested in this study. However, it is clear that they 
are not changing or improving in terms of the eye movements that were examined in this 
study.  
 Age was also positively associated with the identification of neutral faces as 
angry, when any of the broadband or syndrome scales were included in the model. That 
older children were more likely to interpret neutral faces as angry may imply that they are 
more prone to a hostile attribution bias. Though there has been little research focused on 
normative developmental changes in hostile attribution bias, there has been a great deal 
of research focused on the normative pattern of development with regards to hostile 
aggression, though there have been mixed findings. Some report that increased social 
influences in adolescence increase aggressive behavior, while others found that increased 
self-control ability in adolescence decreases aggressive behavior (Côté, Vaillancourt, 
LeBlanc, Nagin, & Tremblay, 2006). The links between the development of aggression 
and hostile attribution bias need to be explored further, in terms of how these changes 
impact EIA.  
Lawrence, Campbell and Skuse (2015) found that between the ages of 6 and 16, 
EIA significantly improves in children, though as children they are already about as 
accurate at identifying sad and angry faces as they will be as adults. So, based on this 
research, we would have expected age to have an effect on the proportion of neutral faces 
identified as happy, scared and disgusted faces, but not angry—the exact opposite of 
what was seen in this study. However, the early development of emotion recognition 
noted by Lawrence, Campbell, and Skuse (2015) is in line with the findings of this study. 
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More research is needed to further examine this relationship, such as longitudinal studies 
that focus on changes in EIA over time. 
There was a consistent positive effect of IQ on EIA and number of fixations. This 
supports previous research by Lawrence, Campbell, and Skuse (2015), which reported 
that greater cognitive ability, as measured by IQ test scores, is correlated with better 
ability to accurately recognize emotions for typically developing children. These children 
may have enhanced skills in the interpretation of the faces. However, it is also possible 
that their improved performance in being able to recognize emotions comes from their 
distinct eye movement patterns, as they could understand a greater amount of information 
from the faces from added visual attention through increased numbers of fixations.  
Across all emotions and saturation levels, SES was negatively related to dwell 
time, such that children of higher SES backgrounds had shorter dwell times. However, 
there was no relationship between SES and EIA or neutral face identification, suggesting 
that these differences in dwell time do not influence the social performance and 
emotional competency of children. Interestingly, two previous studies focused on the 
relationship between emotional understanding and SES. Kraus and colleagues (2010) 
found that individuals from lower SES classes had higher EIA than those from higher 
SES classes. Similarly, Varnum, Blais, Hampton, and Brewer (2015) found that there 
were different neural activations when viewing faces that were in pain for participants 
from higher SES classes versus lower SES classes, which could indicate differences in 
emotional response. Both of these studies posited that lower SES individuals might have 
more empathetic understanding than higher SES individuals as a result of their different 
environmental circumstances. Further, low and high SES individuals may look for 
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different facial information based on what is relevant to their environment and 
experiences, which could result in different gaze patterns. However, there has been very 
little research regarding the link between dwell time and SES, so further studies are 
needed.  
Sex was also an important predictor of the eye movement patterns in this study. 
For all of the emotions and saturation levels, girls had a higher number of fixations than 
boys, whereas boys consistently had longer dwell times than girls, except for on neutral 
faces. Additionally, girls were more likely to accurately identify disgusted and 100% 
saturation faces, though performance was similar in the other facial expressions and 
saturations. The gender differences found in this study may reflect socialization, 
biological, or genetic differences between boys and girls. Other research has explored this 
relationship, though there have been more robust findings on EIA rather than eye 
movement differences between the genders. Wells, Gillespie, and Rotshtein (2016) found 
that women had a faster reaction time and were more accurate at identifying expressions 
in female faces than men, but did not find any relationship between gender and dwell 
time. Lawrence, Campbell and Skuse (2015) also found that females were somewhat 
better at emotion recognition. It is possible that a higher number of fixations could 
explain the increased accuracy among females found in other studies and some variations 
in this study. However, since there seems to be a discrepency in the findings of the 
present study with these studies, more research should follow to understand the 
relationships that may exist here. 
The behavioral groupings had no significant effect on EIA or eye movements in 
this study. Because the four groups were condensed from a seven-group latent class 
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model, it is possible that the combination of groups introduced excessive variability to 
their performance. As seen in Figures 3 and 4, when the groups were combined from the 
seven-class model to the four-class grouping system, the group differences became less 
dramatic, especially between the internalizing only, externalizing only, and control 
groups. Following consolidation, none of the average t-scores for these groups rose into 
the clinical range, which may have made differences between the most severe children in 
the groups appear non-significant. However, it is still unexpected that there were no 
significant associations. These findings support the idea that these groups are more 
similar than previously thought, at least in terms of emotion identification accuracy and 
eye movement.  
From the broadband scales, internalizing symptoms were negatively related to the 
likelihood of identifying a neutral face as scared.  Some of the items that comprise this 
scale include fear of school, general fear, nervousness, worry, shyness, and withdrawn 
behavior, which are all related to sensing an increased threat in the environment. So, it 
could be that these children are less likely to identify vulnerability in peers and social 
partners, because they are used to being the threatened person in the environment, rather 
than the aggressor. Further, since they over-perceive threat, these children may be more 
likely to identify a face with another emotion that would be more threatening, like 
disgusted or angry. This is an important connection to understand, because it could relate 
to children with internalizing symptoms’ social functioning, and potentially explain some 
of the problems that they report with peer relations. However, using the broadband scales, 
internalizing, externalizing and total problems were still unrelated to EIA, number of 
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fixations, and dwell time, indicating that other factors may underlie the social deficits that 
children with internalizing and externalizing problems experience. 
Since the internalizing, externalizing, and total problems broadband scales did not 
show any significant associations with eye movement or EIA, the syndrome scales that 
are not captured by the internalizing or externalizing scales were tested in order to assess 
their role in the social impairment that some children experience.  
Social problems were negatively related to emotion identification accuracy at all 
saturation levels and for disgusted and angry emotions. The social problems scale 
includes items such as loneliness, difficulty getting along with others, and being overly 
dependent. It could be that they experience these problems as a result of being unable to 
accurately identify emotions, which impairs social functioning. Conversely, it could be 
the case that, because children with social problems have less opportunity for interaction 
with other children, they have not had the same amount of exposure to emotions in peers 
and are therefore less skilled at identify them. Future research could concentrate on the 
direction of this association.  
Social problems were positively associated with dwell time for neutral faces, but 
negatively associated with dwell time for scared faces. Social problems were also 
associated with increased likelihood of interpreting neutral faces as disgusted. Though 
there has been little research on the role of social problems alone on eye movement 
behaviors and EIA, there has been extensive research on children with autism spectrum 
disorder (ASD). Children with ASD often present with elevations on the 
withdrawn/depressed, thought problems, and social problems scales of the CBCL 
(Biederman et al., 2010). Though many researchers have found that there is no significant 
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impairment of EIA in children with ASD (Jones et al., 2010), there are some deficits in 
the identification of certain emotions, particularly anger (Tanaka et al., 2012). Similarly 
to children with ASD, children with social problems symptoms may have a hard time 
making and maintaining eye contact and creating positive social interactions with others. 
Because children with ASD may experience similar deficits to those with social 
problems, this research could explain some of the difference in EIA between children 
with social problems and children without.  
There was a significant negative effect of thought problems on EIA for angry 
faces. This could indicate that a hostile attribution bias is less common for these children. 
Like social problems, thought problems are also associated with ASD (Biederman et al., 
2010). The research by Tanaka et al. (2012) demonstrates that children with ASD have 
deficits in identifying anger. They note that much of the emotional information that is 
expressed by an angry face comes from the top half of the face, and that children with 
ASD tend to avoid looking at the eyes, so they might miss the relevant information 
needed to identify an angry face. It is possible that the deficit in identifying anger by 
children with thought problems follows a similar pattern, so information regarding areas 
of fixations on the face should be collected in a future study. Thought problems are also 
associated with increased risk for psychiatric disorders such as obsessive-compulsive 
disorder, schizophrenia, pediatric bipolar disorder, and mania (Abdellaoui et al., 2012). 
This finding is important because it could inform methods of treatment and intervention 
for children with these problems.  
 There was a significant positive effect of attention problems on overall dwell 
time as well as specifically for scared faces and faces with 60% and 100% saturation 
DEMOGRAPHIC AND EMOTIONAL-BEHAVIORAL PREDICTORS
   	 34 
levels. It seems counterintuitive that children with more attention problems would dwell 
for longer amounts of time than other children. The role of medication may explain this 
unexpected result, but information regarding the types of medication that participants in 
the study take was not collected. Further research might investigate this relationship.  
 
Limitations 
There were some limitations to this study. First of all, because this study was a 
secondary analysis of a study on emotion regulation, the sample contained a 
disproportionate number of children with severe emotion regulation impairments, which 
were characterized by clinical levels of aggressive behavior, attention problems, and 
anxious/depressed on the CBCL. So, patterns observed in this study may not be 
generalizable to other populations. Moreover, there were many sibling pairs included in 
this study. Our analytic approach did not account for the shared variance among siblings, 
which may have inflated p-values in some cases. Additionally, this study included about 
twice the number of boys as girls, which may have impacted the results. 
 Another possible limitation came from missing data. Due to restrictions that are 
inevitable when working with a clinical population of children, there were some children 
for whom eye-tracking or emotion identification information was not collected. The task 
was somewhat demanding, as it required children to sit still in a chin rest for the duration. 
This was not possible for all of the children in the studies, so some of the missing data 
comes from the most severely impaired children, who were not able to complete the task. 
In the analysis of EIA, non-responses were coded as an incorrect answer. In the analysis 
of responses to a neutral face, no response was coded as missing data, in order to capture 
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emotion preference within the trials that the participant actually responded to. About 28% 
of the neutral trials did not have a response recorded, either as a result of the participant 
not answering fast enough or technology-related missing data. 
 There were also some limitations related to the design of the emotional faces 
paradigm. Only the first answer in response to a face was recorded, even if the participant 
pressed another button afterward to signal that they had changed their mind or made a 
mistake on the first press. Additionally, some participants, especially the younger 
children, may have had trouble matching the buttons to the corresponding emotion on the 
screen. Reading ability and processing speed, especially for the younger children, may 
have also impacted performance. Another limitation of the task is that even after 
participants pressed a button to signal that they recognized the emotion on the screen, the 
face always remained on the screen for a approximately five-seconds before the response 
options appeared. This may have impacted dwell time and number of fixation data, 
because participants may have been anticipating the words appearing on the screen or 
moved their attention off-screen while waiting for the response options. In understanding 
the data, there is also a distinction that is important to understand between the number of 
fixations and the dwell time. While the dwell time measure accounts for the length of 
dwells within specific interest areas on the face, the number of fixations measure 
accounts for fixations anywhere on the screen, even areas that are not part of the face. 
This could account for some of the difference in which factors were significantly 
predictive of each of these variables, because emotional-behavioral and demographic 
factors might affect the areas of the face that children focus on. For example, some 
children, such as those with social anxiety, have trouble gathering information by looking 
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at the central features of the face, and instead look for cues at the fringes of the face. This 
would make their score for total number of fixations look as high as other children’s 
because fixations across the entire screen is considered in this measurement, but their 
dwell times would look shorter because only dwells within the interest areas of the are 
accounted for in the measurement of dwell time.  
 Due to the exploratory nature of this study, many regressions were completed for 
this analysis, thereby increasing the probability of Type I error. However, the effect sizes 
observed in these results were in the moderate range for predictors, such as age (βs 
ranging from .16 to .50), social problems (β ranging from -0.14 to -0.19), and IQ (β 
ranging from .14 to .23), which is consistent with the magnitude range reported in 
previous studies on EIA (Selya, et. al, 2012).  This consistency supports the validity of 
the inferences that were made in this study. Additionally, the large sample size that was 
used in this study helped to reduce the likelihood of erroneous findings.  
 
Future Directions 
 Because this study was exploratory in nature, some of the findings were 
contradictory to what was expected and non-intuitive based on previous research. The 
mechanisms that underlie the relationships that were found in this study need more 
research, because thus far, there have been very few studies done that assess emotional-
behavioral predictors in emotion identification accuracy. Additionally, other eye 
movement processes, such as saccades and interest areas, should be incorporated into 
future studies. 
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Future research should focus on age as an influencing factor. Specifically, this 
study demonstrated that with older age, children were better at accurately identifying 
faces. However, this relationship does not seem to be related to a change in numbers of 
fixations on the face or dwell time within the interest areas. Perhaps it is the case that 
children who are older are not looking at the faces differently, but understanding the 
emotion more efficiently. Moreover, it would be interesting to run a similar study with a 
longitudinal design in order to better understand how eye movements change over time. 
Further research should follow-up on these questions.  
Social problems were also highly implicated in this study. Future research should 
consider how social problems might relate to internalizing and externalizing behaviors. 
Additionally, research is needed to explain why there is a deficit in emotion identification 
accuracy in children with increased social problems, as the impairment does not seem to 
stem from the eye movements (dwell time and number of fixations) that were examined 
in this study.  
Another important component of understanding social processing and eye 
movement is examining where on the face participants look.  Future studies should 
include facial regions, such as eye, nose, mouth, forehead and cheeks as a factor to 
determine if there is an association between emotional-behavioral symptoms and gaze 
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Conclusion 
 Understanding the role of emotion identification accuracy and the processes used 
to recognize emotions are critical in treating children with social impairments. More 
research is needed to further illuminate the symptoms that are most associated with these 
deficits. The present study has demonstrated that demographic variables and the social 
problems syndrome scale have significant influence on emotion identification accuracy 
and associated eye movements and should be studied more extensively in the future.  
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Figure 1: Variations of saturation for happy, disgusted, and scared faces are shown. The first face on the left is neutral, 
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Figure 2: The image on the left shows the first stimulus that the participant sees. After they push a button signifying 
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Figures 3 and 4: The first graph shows the average t-scores for each of the 7 groups across all of the CBCL syndrome 




















Class 1: No Symptoms (0.22)
Class 2: Attention, Aggression, and 
Mild Anxious Depression (0.16)
Class 3: Attention Problems Only 
(0.07)
Class 4: Aggression Only (0.05)
Class 5: Anxious Depression Only 
(0.07)
Class 6: Dysregulated (0.31)
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Table 1: Demographic Information 
 N M SD Range 
Age 267 10.78 2.617 7-17 
IQ 239 109.45 14.463 55-139 
CBCL Scales     
Anxious/Depressed 248 60.48 10.66 50- 92 
Withdrawn/Depressed 248 59.04 9.20 50- 93 
Somatic Complaints 248 58.06 8.39 50- 88 
Social Problems 248 58.90 8.97 50- 93 
Thought Problems 248 60.36 9.55 50- 88 
Attention Problems 248 60.28 9.83 50- 95 
Rule-Breaking Behavior 248 57.73 7.73 50- 80 
Aggressive Behavior 248 60.75 11.52 50- 97 
Internalizing 248 57.55 13.39 33- 91 
Externalizing 247 56.30 13.36 33- 82 
Total Problems 247 57.71 14.13 24- 84 
 
Notes: 
N overall= 272; N above includes all non-missing data 
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Table 2: Correlations 
 Overall Angry Happy Scared Disgust Neutral 40 60 80 100 
Dwell 
Time 
          
A/D — — — — — — — — — — 
W/D — — — — — — — — — — 
SC — — — — — — — — — — 
SP — — — — — 0.22*** — — — — 
TP — — — — — — — — — — 
ATT 0.18** 0.14* 0.17** 0.16* 0.15* 0.18** 0.16* 0.17** 0.14* 0.18* 
RBB — — — — — — — — — — 
AGG — — — — — 0.18** — — — — 
INT — — — — — 0.13* — — — — 
EXT — — — — — — — — — — 
TOT 0.13* — — — — 0.16** — — — 0.13* 
# of 
Fix. 
          
A/D -0.14* -0.14* — -0.15* — -0.16* -0.13* — -0.13* -0.13* 
W/D — — — — — -0.16* — — -0.14* — 
SC — -0.13* — — — — — — — — 
SP -0.22*** -0.23*** -0.19** -0.24*** -0.17** -0.23*** -0.23*** -0.20** -0.21** -0.19** 
TP -0.15* -0.16* -0.13* -0.15* — -0.14* -0.18** -0.16* — — 
ATT -0.18** -0.18** -0.19** -0.16* -0.15* -0.14* -0.19** -0.17** -0.16* -0.15* 
RBB -0.19** -0.20** -0.20** -0.18** -0.14* -0.19** -0.19** -0.18** -0.19** -0.16* 
AGG -0.20** -0.19** -0.19** -0.20** -0.16* -0.20** -0.19** -0.18** -0.18** -0.19** 
INT -0.14* -0.16* — -0.14* — -0.19** -0.15* — -0.13* — 
EXT -0.21** -0.22** -0.22** -0.19** -0.16** -0.22*** -0.22** -0.20** -0.19** -0.18** 
TOT -0.20** -0.22** -0.20** -0.19** -0.16** -0.22*** -0.21** -0.19** -0.19** -0.17** 
EIA           
A/D — — — — —  — — — — 
W/D — -0.16* — — -0.14*  -0.14* — — — 
SC — — — — —  — — — — 
SP -0.22** -0.18** — -0.18** -0.20**  -0.20** -0.18** -0.20** -0.22** 
TP — -0.19** — — —  -0.15* — -0.15* — 
ATT — — — — —  — — — — 
RBB -0.16* — — — -0.22**  — -0.15* -0.14* -0.19** 
AGG — — — — -0.18*  — — — -0.18** 
INT — -0.14* — — -0.14*  — — — -0.14* 
EXT -0.18** -0.18** — -0.14** -0.19**  -0.17* -0.16* -0.18** -0.18** 
TOT -0.16* -0.15* — — -0.20**  -0.16* -0.15* -0.15* -0.20** 
 
Notes: *p<.05, **p<.01, ***p<.001 
A/D= Anxious/Depressed, W/D= Withdrawn/Depressed, SC= Somatic Complaints, SP= Social Problems, TP= 
Thought Problems, ATT= Attention Problems, RBB= Rule-breaking Behavior, AGG= Aggressive Behavior, INT= 
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Table 3: Correlations of CBCL Broadband/Syndrome Scales and Neutral Face Responses 
 Happy Angry Disgust Scared 
Anxious/Depressed — — — — 
Withdrawn/Depressed — — 0.19** -0.23** 
Somatic Complaints — — 0.20** — 
Social Problems — — 0.20** — 
Thought Problems — — 0.15* — 
Attention Problems — — 0.17* — 
Rule-Breaking Behavior — — — — 
Aggression — — — -0.18** 
Internalizing — — 0.17* -0.17* 
Externalizing — — 0.15* -0.15* 
Total Problems — — 0.17* — 
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Table 4: Emotion Identification Accuracy by Broadband Scales 
 Overall Angry Happy Scared Disgust 40 60 80 100 
Internalizing F 12.79*** 9.16*** 3.70** 6.26*** 11.48*** 8.87*** 7.49*** 10.88*** 16.38*** 
R2 0.26 0.20 0.09 0.14 0.24 0.19 0.17 0.23 0.31 
Age 0.45*** 0.41*** 0.17** 0.33*** 0.43*** 0.38*** 0.38*** 0.42*** 0.50*** 
IQ 0.23** — 0.26** 0.21** — 0.18* — 0.22** 0.22** 
SES — — — — — — — — — 
Sex — — — — 0.20** — — — 0.14* 
INT — — — — — — — — — 
Externalizing F 12.44*** 8.55*** 3.41** 6.04*** 11.19*** 8.77*** 7.26*** 10.29*** 15.81*** 
R2 0.25 0.17 0.06 0.12 0.21 0.19 0.14 0.20 0.28 
Age 0.45*** 0.41*** 0.17** 0.32*** 0.43*** 0.38*** 0.37*** 0.42*** 0.50*** 
IQ 0.22** — 0.26** 0.20** — 0.18** — 0.22** 0.20** 
SES — — — — — — — — — 
Sex — — — — 0.19** — — — 0.13* 
EXT — — — — — — — — — 
Total F 12.60*** 9.16*** 3.44** 6.12*** 11.40*** 8.87*** 7.52*** 10.47*** 15.97*** 
R2 0.23 0.18 0.06 0.12 0.21 0.17 0.15 0.22 0.28 
Age 0.44*** 0.40*** 0.17** 0.32*** 0.42*** 0.38*** 0.37*** 0.41*** 0.49*** 
IQ 0.21** — 0.27** 0.19** — 0.17* — 0.20** 0.19** 
SES — — — — — — — — — 
Sex — — — — 0.19** — — — 0.13* 
Total — — — — — — — — — 
 
Notes: 
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Table 5: Dwell Time by Broadband Scales 
 Overall Angry Happy Scared Disgust Neutral 40 60 80 100 
Int. F 6.22*** 4.16** 6.06*** 4.82*** 4.14** 4.97*** 4.58** 4.68*** 5.08*** 6.30*** 
R2 0.13 0.09 0.12 0.10 0.09 0.10 0.10 0.10 0.10 0.13 
Age — — — — — — — — — — 
IQ — — — — — — — — — — 
SES -0.28*** -0.22** -0.31*** -0.26*** -0.18* -0.18* -0.21** -0.24** -0.24** -0.33*** 
Sex -0.20** -0.18** -0.14* -0.17** -0.22** — -0.19** -0.18** -0.20** -0.15** 
INT — — — — — — — — — — 
Ext. F 5.61*** 3.75** 5.31*** 3.98** 4.06** 4.70*** 4.29** 4.18** 4.60** 5.29*** 
R2 0.11 0.08 0.11 0.08 0.09 0.10 0.09 0.09 0.10 0.11 
Age — — — — — — — — — — 
IQ — — — — — — — — — — 
SES -0.24*** -0.20** -0.26*** -0.21** -0.16* -0.17* -0.20** -0.20** -0.20** -0.29*** 
Sex -0.21** -0.19** -0.15* -0.19** -0.22** — -0.18* -0.19** -0.21** -0.16* 
EXT — — — — — — — — — — 
Total F 5.67*** 3.81** 5.27*** 3.99** 4.21* 4.95*** 4.34** 4.18** 4.67*** 5.37*** 
R2 0.12 0.08 0.11 0.08 0.09 0.10 0.09 0.09 0.10 0.11 
Age — — — — — — — — — — 
IQ — — — — — — — — — — 
SES -0.24** -0.19** -0.27*** -0.21** -0.15* -0.16* -0.20** -0.20** -0.20** -0.28*** 
Sex -0.21** -0.19** -0.15* -0.19** -0.22** — -0.18* -0.19** -0.21** -0.16* 
Total — — — — — — — — — — 
 
Notes: 
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Table 6: Number of Fixations by Broadband Scales 
 Overall Angry Happy Scared Disgust Neutral 40 60 80 100 
Int. F 6.42*** 6.45*** 7.58*** 4.67*** 4.25** 9.51*** 7.20*** 5.25*** 5.21*** 4.81*** 
R2 0.13 0.13 0.15 0.10 0.09 0.18 0.14 0.11 0.11 0.09 
Age — — — — — 0.18** — — — — 
IQ 0.19** 0.21** 0.22** — 0.17* 0.14* 0.22** 0.19** 0.15* 0.17* 
SES — — — — — — — — — — 
Sex 0.18** 0.15* 0.19** 0.16* 0.16* 0.23*** 0.17* 0.17* 0.17* 0.15* 
INT — — — — — — — — — — 
Ext. F 7.11*** 7.11*** 8.45*** 5.05*** 4.77*** 9.75*** 8.22*** 5.94*** 5.67*** 5.17*** 
R2 0.14 0.14 0.16 0.10 0.10 0.18 0.16 0.12 0.12 0.11 
Age — — — — — 0.19** — — — — 
IQ 0.19** 0.21** 0.21** — 0.17* 0.15* 0.21** 0.18* 0.15* 0.17* 
SES — — — — — 0.15* — — — — 
Sex 0.18** 0.15* 0.19** 0.16* 0.16* 0.24*** 0.17* 0.17* 0.17* 0.15* 
EXT — — — — — — — — — — 
Total F 7.08** 7.11*** 8.30*** 5.05** 4.76*** 9.89*** 8.22*** 5.86*** 5.66*** 5.12*** 
R2 0.14 0.14 0.16 0.10 0.10 0.19 0.16 0.12 0.12 0.11 
Age — — — — — 0.19** — — — — 
IQ 0.19** 0.21** 0.22** — 0.17* 0.15* 0.21** 0.18* 0.15* 0.18* 
SES — — — — — — — — — — 
Sex 0.18** 0.16* 0.20** 0.17* 0.17* 0.24*** 0.17** 0.17** 0.18** 0.16* 
Total — — — — — — — — — — 
 
Notes: 
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Table 7: Emotion Identification Accuracy by CBCL Syndrome Scales 
 Overall Angry Happy Scared Disgust 40 60 80 100 
Social Problems F 14.40*** 10.44*** 3.63** 6.95*** 12.46*** 10.09*** 8.53*** 11.91*** 18.50*** 
R2 0.28 0.22 0.09 0.16 0.25 0.21 0.19 0.24 0.33 
Age 0.45*** 0.41*** 0.16* 0.32*** 0.43*** 0.38*** 0.37*** 0.42*** 0.50*** 
IQ 0.18* — 0.23** 0.17* — — — 0.18* 0.17* 
SES — — — — — — — — — 
Sex — — — — 0.19** — — — 0.14* 
SP -0.17* -0.19** — — -0.14* -0.16* -0.16* -0.15* -0.19** 
Thought 
Problems 
F 12.83*** 9.71*** 3.57** 6.23*** 11.42*** 9.03*** 7.37*** 11.05*** 16.18*** 
R2 0.26 0.21 0.09 0.14 0.23 0.19 0.17 0.23 0.30 
Age 0.45*** 0.41*** 0.16* 0.33*** 0.43*** 0.38*** 0.38*** 0.42*** 0.50*** 
IQ 0.23** — 0.26** 0.22** — 0.17* — 0.22** 0.23** 
SES — — — — — — — — — 
Sex — — — — 0.20** — — — 0.14* 
TP — -0.15* — — — — — — — 
Attention 
Problems 
F 12.69*** 8.64*** 3.54** 6.23*** 11.36*** 8.82*** 7.35*** 10.69*** 16.16*** 
R2 0.25 0.19 0.09 0.14 0.23 0.19 0.16 0.22 0.30 
Age 0.45*** 0.42*** 0.16* 0.33*** 0.43*** 0.38*** 0.38*** 0.42*** 0.50*** 
IQ 0.24** — 0.24** 0.22** — 0.19* — 0.23** 0.23** 
SES — — — — — — — — — 
Sex — — — — 0.20** — — — 0.14* 
ATT — — — — — — — — — 
 
Notes: 
Standardized beta value from second step of regression 
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Table 8: Dwell Time by CBCL Syndrome Scales 
 Overall Angry Happy Scared Disgust Neutral 40 60 80 100 
Social  
Problems 
F 6.22*** 4.28** 6.10*** 4.78*** 4.29** 5.95*** 4.58** 4.51** 5.08*** 6.30*** 
R2 0.13 0.09 0.12 0.10 0.09 0.12 0.10 0.09 0.10 0.13 
Age — — — — — — — — — — 
IQ — — — — — — — — — — 
SES -0.27*** -0.22** -0.30*** -0.25*** -0.18* -0.18* -0.21** -0.23** -0.24** -0.33*** 
Sex -0.20** -0.17** -0.14* -0.17** -0.22** — -0.19** -0.18** -0.20** -0.15* 
SP — — — — — 0.17* — — — — 
Thought  
Problems 
F 6.20*** 4.16** 6.03*** 4.81*** 4.33** 4.62** 4.62*** 4.52** 5.10*** 6.30*** 
R2 0.12 0.09 0.12 0.10 0.09 0.10 0.10 0.09 0.11 0.13 
Age — — — — — — — — — — 
IQ — — — — — — — — — — 
SES -0.27*** -0.23** -0.31*** -0.25** -0.17* -0.19** -0.20** -0.22** -0.24** -0.33*** 
Sex -0.20** -0.18** -0.14* -0.17** -0.22** — -0.19** -0.18** -0.20** -0.15* 
TP — — — — — — — — — — 
Attention  
Problems 
F 7.19*** 4.66*** 6.36*** 5.82*** 4.97*** 5.13*** 5.14*** 5.52*** 5.56*** 7.36*** 
R2 0.14 0.10 0.13 0.12 0.10 0.11 0.11 0.11 0.11 0.14 
Age — — — — — — — — — — 
IQ — — — — — — — — — 0.14* 
SES -0.26*** -0.21** -0.28*** -0.23** -0.16* -0.18* -0.19** -0.21** -0.22** -0.31*** 
Sex -0.20** -0.18** -0.14* -0.18** -0.22** — -0.19** -0.19** -0.20** -0.15* 
ATT 0.14* — — 0.15* — — — 0.15* — 0.15* 
 
Notes:  
Standardized beta value from second step of regression 
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Table 9: Number of Fixations by CBCL Syndrome Scales 






F 6.90*** 6.88*** 7.87*** 5.50*** 4.48** 9.74*** 7.76*** 5.63*** 5.63*** 5.16*** 
R2 0.14 0.14 0.15 0.11 0.09 0.18 0.15 0.11 0.11 0.11 
Age — — — — — 0.18** — — — — 
IQ 0.16* 0.18* 0.20** — 0.15* — 0.19** 0.16* — 0.15* 
SES — — — — — — — — — — 
Sex 0.18** 0.15* 0.19** 0.16* 0.16* 0.23*** 0.16* 0.17* 0.17* 0.15* 
SP — — — -0.15* — — — — — — 
Thought 
Problems 
F 6.38*** 6.36*** 7.58*** 4.75*** 4.22** 8.92*** 7.33*** 5.44*** 5.06*** 4.75*** 
R2 0.13 0.13 0.15 0.10 0.09 0.17 0.14 0.11 0.10 0.10 
Age — — — — — 0.19** — — — — 
IQ 0.19** 0.21** 0.22** — 0.17* 0.15* 0.21** 0.18* 0.15* 0.18* 
SES — — — — — — — — — — 
Sex 0.18** 0.15* 0.19** 0.16* 0.16* 0.23*** 0.17* 0.17* 0.17* 0.15* 
TP — — — — — — — — — — 
Attention 
Problems 
F 6.55*** 6.50*** 7.84*** 4.83*** 4.36** 8.90*** 7.36*** 5.52*** 5.29*** 4.94*** 
R2 0.13 0.13 0.15 0.10 0.09 0.17 0.14 0.11 0.11 0.10 
Age — — — — — 0.19** — — — — 
IQ 0.17* 0.19** 0.20** — 0.16* 0.15* 0.20** 0.17* — 0.16* 
SES — — — — — — — — — — 
Sex 0.18** 0.15* 0.19** 0.16* 0.16* 0.23*** 0.17** 0.17** 0.17** 0.16* 
ATT — — — — — — — — — — 
 
Notes: 
Standardized beta value from second step of regression 
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Appendix A: Socioeconomic Status Measurement 
SES Value SES Description 
0 Unemployed; retired 
10 Menial service workers; welfare recipients; farm laborers 
20 Unskilled workers 
30 Machine operators and semi-skilled workers 
40 Skilled manual workers; craftsmen; smallest business owners; tenant farmers 
50 Clerical and sales workers; very small farm and business owners 
60 Technicians; semi-professionals; small business owners 
70 Managers; minor professionals; smaller business and farm owners 
80 Administrators, lesser professionals; proprietors of medium-sized businesses 





















Appendix B: Regression Matrix 
 
Regressions for EIA 
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Regressions for Dwell Time 










































































Regressions for Number of Fixations 
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Regressions for Neutral Face Identification 


























Attention Problems Angry 195 
  Happy 196 
  Scared 197 
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Appendix C: CBCL Example 
 
